This experimental study was designed to evaluate the effect of intraaortic balloon pumping (IABP) upon nutrient myocardial blood flow (NMBF) following acute myocardial ischemia in dogs, but also to determine whether IABP improves NMBF following revascularization. Localized myocardial ischemia was produced by ligation of one or two small branches of the circumflex coronary artery combined with a three hour snare occlusion of the left anterior descending coronary artery distal to the first septal branch. NMBF was measured by NaIl31 washout at three points corresponding to the peripheral, intermediate, and central zones of the infarct. Occlusion of the coronary arteries reduced NMBF. Release of occlusion after three hours, or the equivalent of coronary artery revascularization, increased NMBF but did not restore it to control levels. The increase in flow was more marked in the peripheral zones of ischemia. IABP increased NMBF significantly both during and after release of occlusion. The effect was sustained after cessation of IABP only when the latter was maintained during the period of reperfusion. The results indicate that NMBF, defined by washout of a locally injected tracer, was improved by both IABP and reperfusion. The beneficial effect was maximal when the two techniques were combined.
EMERGENCY AORTOCORONARY BYPASS revascularization has been employed in patients with acute myocardial ischemia and infarction in an attempt to reperfuse the ischemic myocardium and to permit recovery of left ventricular function., Another method of reclaiming ischemic myocardium is the use of intraaortic balloon pumping (IABP), which decreases left ventricular workload and increases coronary perfusion pressure. This technique has been employed with some success in treating patients with cardiogenic shock due to acute myocardial infarction.5 It has been suggested from experimental studies that IABP promotes the development of functional coronary collaterals6 and may reduce the size of infarcts in experimental animals.7-9 However, others were not able to reproduce these salutary results.0 102 In an effort to clarify further the role of these two forms of therapy in ameliorating myocardial ischemia, we measured the effects of both IABP and revascularization, separately and in combination, upon nutrient myocardial blood flow (NMBF) in an experimental canine ischemic preparation. It was shown that NMBF, defined by washout of a locally injected tracer, was improved by both interventions, and was maximal when they were used simultaneously.
Methods Studies were carried out in 22 mongrel dogs with a mean weight of 30.9 ± 2.1 (SEM) kg. Animals were anesthetized with 25 mg/kg of sodium pentobarbital. Respiration was maintained after endotracheal intubation by a Harvard respirator with a 40% oxygen mixture. The heart was exposed through a left thoracotomy. A grossly visible confluent area of acute myocardial ischemia was produced by ligation of one to two small peripheral branches of the circumflex coronary artery, and then temporary occlusion of the left anterior descending coronary artery (LAD) distal to the first perforator branch with a removable snare. This technique permitted a staged temporary occlusion13 and was designed to simulate clinical coronary occlusion followed by revascularization. A schematic drawing of the experimental preparation is shown in figure 1 .
Monitoring of aortic and left atrial pressures and of cardiac output was carried out. Pressures were obtained using catheters connected to Statham P23Db transducers, and were recorded on a Hewlett-Packard multichannel recorder. The zero level for pressure measurements was set at the mid-chest. Serial cardiac output determinations were made using the indicator dilution technique, by injecting in- fig. 1 ).
An AVCO* helium-driven pumping system utilizing a three segmented balloon mounted on a 12 or 14F catheter was employed in these studies. The evidence that restoration of function may be possible after hours3 4 or even days of ischemia.21 Most experimental studies, however, indicate that much briefer periods of reduced blood flow are critical. In the normal canine ventricle, temporary coronary occlusion lasting from forty-five minutes'9 to three hours22 causes permanent myocardial damage. Furthermore, reperfusion after five hours of ischemia produces variable results, with some animals showing reduction of ultimate infarct size and others hemorrhage into the ischemic zone with infarct extension. 23 The present study provides additional evidence that coronary occlusion for three hours produces lasting deleterious effects upon the coronary circulation in that reperfusion provides only partial benefit and does not restore NMBF to preocclusion levels. The mechanism for these findings is uncertain, but may relate to tissue edema or capillary endothelial swelling, analogous to the no-reflow phenomenon in other tissues. 24 Evidence available to date suggests that IABP is effective in reducing infarct size7`9 and in lowering mortality2`in experimental coronary occlusion. This may be due in part to reduction of myocardial oxygen demands by lowering afterload, and also, in unanesthetized animals, cardiac rate.26 In addition, some authors have suggested that coronary collateral flow may be improved as a result of augmentation of diastolic pressure.ff 7 These conclusions were, however, based upon indirect methods of assessing collateralization, including postmortem coronary angiograms5 and detection of increased coronary blood flow in unoccluded coronary arteries supplying normal myocardium adjacent to an infarct. 7 Attempts to measure changes in NMBF induced by IABP have thus far failed to demonstrate conclusively that collateral flow is increased by this intervention."' 12 In the study performed by Reneman et al.,1 washout of indicator injected into the center of the ischemic zone was not increased significantly by a three-hour period of IABP. In the present study, a modest increase in NMBF was observed in the infarct center with IABP. Changes resulting from IABP were, however, more marked in the peripheral and intermediate zones of ischemia, especially in the postreperfusion period. In the study performed by Shaw et al.,12 a brief period of IABP (30 min) did not significantly improve flow as measured by microsphere techniques in either the center or border zones of ischemic myocardium, although the reduced ratio of endocardial to epicardial blood flow in the ischemic border zone was significantly increased by IABP. The disparity between the latter study and the present one might be explained by differences in the duration of IABP.
Circulation, Volume 52, December 1975 In the present study NMBF was assayed by the injection of sodium radioiodide directly into the myocardium. The rate of disappearance of this indicator has been shown to reflect local myocardial blood flow."' Other investigators '5' 27 have used this technique with various indicators to study the local circulation in the myocardium, and although the method may not be precisely quantitative in terms of providing absolute blood flow values, it is possible to detect directional changes of flow. 15 Three points of measurement distributed from the center to the margins of the infarct were selected in order to evaluate changes in the NMBF in different zones of the infarct. In control animals release of occlusion after three hours of ischemia, or the equivalent of coronary artery revascularization, increased NMBF but did not restore it to control. In animals treated with IABP, the increase in NMBF was most marked in the intermediate and peripheral zones of the infarct. However, the increment in blood flow produced by IABP which was terminated prior to reflow was limited to the duration of the assist and did not influence the levels of NMBF after reperfusion. When IABP was maintained into the postreperfusion period, high values of NMBF were observed, and, when IABP was finally withdrawn, the increased flow persisted at higher levels than those observed in control studies. Though extrapolation of these animal experiments to the clinical setting in patients with myocardial infarction must be done with caution, these data may have clinical implications. It may be that intraaortic balloon pumping should be carried out in patients for prolonged periods of time following coronary revascularization procedures to permit maximal effects upon nutrient myocardial blood flow and presumably also upon recovery of potentially viable myocardium.
